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TO ALL WHOM IT MAY CONCERN: 

Be it known that we. Rod Fensom, a citizen of the United 
Kindgom, residing at 54 Wright Avenue, Stanground, Peterborough PE2 8TT, 
United Kingdom, and David J. Kidder, a citizen of the United Kingdom, 
residing at 24 Church Street, Werrington Village, Peterborough PE4 6QB, 
United Kingdom, have invented a new and useful HIGH SPEED EXHAUST 
GAS RECIRCULATION VALVE, of which the following is a specification. 



Description 

HIGH SPEED EXHAUST GAS RECIRCULATION VALVE 



This invention was made with United States Government support under 
Contract No. DE-FC05-97OR22605, RS96-006, entitled'Light Truck Clean 
Diesel (LTCD Pro gram) "awarded by the United States Department of Energy. 
The United States Government has certain rights in this invention. 

Technical Field 

The present invention relates generally to exhaust gas recirculation valves 
and, more particularly, to devices and methods for opening and closing exhaust 
gas recirculation valves. 

Background 

In order to minimize pollutants such as Nox, internal combustion engines 
typically include an exhaust gas recirculation (EGR) valve. The exhaust gas 
recirculation valve can be used to redirect a portion of exhaust gases to an intake 
conduit, such as an intake manifold, so that the redirected exhaust gases will be 
recycled. 

Smith, U.S. Patent No. 3,948,231 discloses a power and deceleration 
governor for automotive engines, that includes a butterfly type mixture control 
valve. In a first embodiment of the governor, the mixture control valve is 
actuated using a rack and pinion arrangement, driven by a diaphragm motor. In a 
second embodiment of the governor, the mixture control valve is actuated using a 
hydraulic cylinder. In a third embodiment of the governor, the mixture control 
valve is actuated using a clutch drive motor. 



However, in all three embodiments disclosed in U.S. Patent No. 
3,948,231, the governor has a somewhat bulky structure, with an actuating shaft 
oriented generally transverse to a flow passage that contains the butterfly type 
mixture control valve, which could lead to packaging difficulties for engine 
applications in which space for such mechanisms is limited. In addition, all three 
embodiments rely on a vacuum system, that may not provide fast valve response. 
Thus, it is desirable to have an EGR valve that is both fast-acting, and compact in 
design. 

The present invention is directed to overcoming one or more of the 
problems or disadvantages associated with the prior art. 

Summary of the Invention 

An exhaust gas recirculation valve is provided that includes an exhaust 
passage tube, a valve element pivotally mounted within the exhaust passage tube, 
a linear actuator, and a gear train. The gear train includes a rack gear operatively 
connected to the linear actuator, and at least one rotatable gear meshing with the 
rack gear and operatively connected to the valve element to cause rotation of the 
valve element upon actuation of the linear actuator. 

A method of actuating an exhaust gas recirculation valve is also provided. 
The method includes the steps of energizing a linear actuator, moving a rack gear 
operatively connected to the linear actuator, and rotating at least one rotatable 
gear operatively connected with a valve element to thereby rotate the valve 
element. 

Brief Description of the Drawings 

Fig. 1 is an isometric view of an exhaust gas recirculation valve assembly 
in accordance with the invention; 

Fig. 2 is a front elevational view of the exhaust gas recirculation valve 
assembly of Fig. 1; 
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[11] Fig. 3 is a plan view of the exhaust gas recirculation valve assembly of 

Fig. 1; 

[12] Fig. 4 is a side elevational view of the exhaust gas recirculation valve 

assembly of Fig. 1; 

[13] Fig. 5 is a partial cross-sectional view of the exhaust gas recirculation 

valve assembly of Fig. 1, taken along lines 5-5 of Fig. 4; and 

[14] Fig. 6 is an enlarged fragmentary view similar to Fig. 4, of the exhaust gas 

recirculation valve assembly of Fig. 1 , showing structure thereof that is hidden by 
a potentiometer in Fig. 4. 

Best Mode for Carrying Out the Invention 

[15] With reference to Figs. 1 and 2, an exhaust gas recirculation valve 

assembly in accordance with the invention, generally indicated at 20, includes a 
valve housing 22. The valve housing 22 includes a generally cylindrical exhaust 
passage tube 24 and a generally planar mounting surface 26. An actuator 
mounting plate 28 extends beyond the mounting surface 26 generally parallel to a 
central axis 30 of the exhaust passage tube 24. 

[16] A linear actuator 32 is attached to the actuator mounting plate 28 by 

mounting screws 34. As best seen in Figs. 3 and 4, the linear actuator 32 has a 
central axis 36 that is substantially parallel to the axis 30 of the exhaust passage 
tube 24. The linear actuator 32 directly drives a flap actuator rod 38, having a 
rack gear 40 disposed along part of its length. The linear actuator 32 may be, for 
example, a solenoid, a piezo stack, a piezo bender, linear motor, a hydraulic 
actuator, or a pneumatic actuator. 

[17] A butterfly type flap valve element 42 is pivotally mounted within the 

exhaust passage tube 24 by means of a flap valve spindle 44 to which the flap 
valve element 42 is mounted. The flap valve spindle 44 is pivotally mounted to 
the valve housing 22 via bearings 46 and 48 (Fig. 5). The rack gear 40 is a 
component of a gear train, generally indicated at 49, that is operatively connected 



to convert the linear motion of the flap actuator rod 38 into rotational motion of 
the flap valve spindle 44. The flap actuator rod 38 engages a first idler gear 50 
mounted to an idler shaft 52 for rotation therewith, which in turn is rotatably 
mounted to the housing 22 on the mounting surface 26. 

A second idler gear 54 having a diameter significantly larger than the 
diameter of the first idler gear 50, is also mounted to the idler shaft 52 for rotation 
therewith. The second idler gear 54 in turn engages a spindle gear 56 mounted to 
the flap valve spindle 44. The flap valve spindle 44 is connected to a 
potentiometer 58 via a first Oldham coupling 60. The potentiometer 58 is fixed 
to the mounting flange 26 by a bracket assembly 61. The idler shaft 52 is secured 
on its end opposite the valve housing 22 by a second Oldham coupling 62. 

The flap actuator rod 38 passes through a spring support flange 64 that 
extends in a direction that is generally normal to the mounting surface 26. An 
actuator return spring assembly 66 is mounted to the spring support flange 64, as 
best seen in Figs. 3 and 4. The actuator return spring assembly 66 includes: a 
spring support collar 68 attached to the spring support flange 64; a coil spring 70, 
that surrounds the flap actuator rod 38; and a threaded spring support collar 72 
that is secured to a threaded end portion 74 of the flap actuator rod 38 by a collar 
locking nut 76. 

As shown in Fig. 6, a stop lever 78 is mounted to the flap valve spindle 44 
for rotation therewith by means of a grub screw 80. The stop lever 78 includes a 
stop surface 84. A threaded stop screw 86 passes through, and is threadably 
received by an aperture 88 in the spring support flange 64. Upon sufficient 
rotation of the flap valve spindle 44 in a counterclockwise direction as oriented in 
Fig. 6, the stop surface 84 will contact the stop screw 86, thereby limiting the 
rotational travel of the flap valve spindle 44. 



Industrial Applicability 

When the linear actuator 32 is energized, for example, by providing 
electrical current to the linear actuator 32 in the case of a solenoid-type actuator, 
the flap actuator rod 38 is quickly pulled in a direction toward the linear actuator 
32 (i.e., the flap actuator rod 38 moves toward the left as oriented in Figs. 4 and 
6). As the flap actuator rod 38 moves toward the linear actuator 32, the rack gear 
40 disposed on the flap actuator rod 38 drives the first idler gear 50 in a 
clockwise direction as oriented in Fig. 4, which in turn causes the idler shaft 52 
and the second idler gear 54 to also rotate in a clockwise direction as oriented in 
Figs. 4 and 6. 

The clockwise rotation of the second idler gear 54 imparts a 
counterclockwise rotation to the spindle gear 56 which in turn drives the flap 
valve spindle 44 also in a counterclockwise direction as oriented in Figs. 4 and 6. 
The rotation of the flap valve spindle 44 results in the flap valve element 42 
quickly rotating to a closed position. 

The movement of the flap actuator rod 38 results in compression of the 
coil spring 70 between the threaded spring support collar 72 and the spring 
support collar 68. Accordingly, when the linear actuator 32 is deenergized, the 
coil spring 70 urges the flap actuator rod 38 in a direction away from the linear 
actuator 32, thereby driving the first idler gear 50 in a counterclockwise direction 
resulting in counterclockwise rotation of the idler shaft 52 and counterclockwise 
rotation of the second idler gear 54, as oriented in Figs. 4 and 6. 

The counterclockwise rotation of the second idler gear 54 in turn drives 
the spindle gear 56 to rotate in a clockwise direction thereby rotating the flap 
valve spindle 44 and the flap valve element 42 in a clockwise direction as 
oriented in Figs. 4 and 6, such that the flap valve element 42 moves toward an 
open position. 

The use of the invention results in a compact, fast-acting configuration 
that is capable of providing 80° of rotational displacement of the flap valve 



element 42 in approximately 30 milliseconds, with an actuator stroke of 
approximately 6 millimeters. 

By varying the travel of the linear actuator 32, for example, by adjusting 
the stop screw 86 and/or by altering the gear geometry and/or the geometry of the 
stop lever 78, the rotation angle of the flap valve element 42 can be varied. In 
addition, if desired, the exhaust gas recirculation valve assembly 20 could of 
course be configured such that the flap valve element 42 would be in a closed 
position when the linear actuator 32 is deenergized. 

Numerous modifications and alternative embodiments of the invention 
will be apparent to those skilled in the art in view of the foregoing description. 
Accordingly, this description is to be construed as illustrative only and is for the 
purpose of teaching those skilled in the art the best mode of carrying out the 
invention. The details of the structure may be varied substantially without 
departing from the spirit of the invention, and the exclusive use of all 
modifications which come within the scope of the appended claims is reserved. 

Other aspects and features of the present invention can be obtained from a 
study of the drawings, the disclosure, and the appended claims. 



